Emtricitabine/tenofovir disoproxil fumarate as pre-exposure prophylaxis (PrEP) can prevent HIV infection among at-risk individuals, including young transgender women (YTW). We used baseline data from 230 HIV-uninfected YTW (ages 16-29 years) who were enrolled in Project LifeSkills during 2012-2015. We examined factors associated with perceived acceptability of PrEP use (mean score = 23.4, range 10.0-30.0). Participants were largely transgender women of color (67%) and had a mean age of 23 years (SD = 3.5). In an adjusted multiple linear regression model, PrEP interest (β = 3.7, 95% CI 2.2-5.2) and having a medical provider who meets their health needs (β = 2.9, 95% CI 1.3-4.4) was associated with higher PrEP acceptability scores, whereas younger age (21-25 vs 26-29 years) (β = -2.0, 95% CI − 3.6 to − 0.4) and reporting transactional sex in the past 4 months (β = − 1.5, 95% CI − 3.0 to − 0.1) was associated with lower PrEP acceptability scores (all p values < 0.05). Enhancing PrEP-related interventions by addressing the unique barriers to uptake among YTW of younger age or those with history of transactional sex could bolster PrEP acceptability for this population.
Introduction
Transgender women bear a high burden of the HIV epidemic in the United States, with an estimated prevalence of 21.7% [Confidence Interval (CI) 18.4-25.1%)] [1] . Young transgender women (YTW, ages [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] of color are disproportionally at risk for HIV infection [1] [2] [3] [4] . Contextual factors that contribute to HIV risk among transgender women are multilevel (i.e., individual, interpersonal, and structural levels) [2, 5, 6] . Individual-level factors include condomless sex [1, 2, 4] , sex work [3, 7] , history of sexually transmitted infections (STIs) [3, 8, 9] , substance use [5] , and mental health problems. Some interpersonal-level determinants include intimate partner violence [3, 7] , including sexual assault and physical abuse [7, 10] . Structural-level factors such as incarceration, economic marginalization (homelessness, unemployment, job discrimination), and inadequate healthcare (lack of health insurance, refusal of trans-related care) contribute to HIV seropositivity among transgender women [5, 6, 11, 12] . Taken together, these findings 1 3 underscore the need for multiple high-impact HIV prevention options tailored to this population [6, 10] , including pre-exposure prophylaxis (PrEP).
When taken as prescribed, emtricitabine/tenofovir disoproxil fumarate as HIV PrEP is a highly effective HIV prevention method for HIV-uninfected individuals at high risk for infection [13] , such as YTW [14] . While transgender women have been included in PrEP clinical trials [13] [14] [15] , little is known about their acceptability of PrEP in practice now that trials have established efficacy and that categories for classifying individuals across the "PrEP care continuum" have been proposed [16] [17] [18] . Understanding the factors associated with PrEP acceptability among YTW is an important first step of the PrEP care continuum and facilitates identifying those who are PrEP-indicated and amenable to PrEP uptake.
Studies examining the factors influencing PrEP acceptability among transgender women have found that while there was generally a high degree of interest, concerns persisted about the absence of trans-specific PrEP marketing, prioritization of hormonal therapy, and medical mistrust [19] [20] [21] [22] [23] . Another study conducted in Thailand found that awareness of PrEP and having private health insurance were associated with higher PrEP acceptability among transgender women [24] . While these few studies have documented PrEP acceptability in transgender women, they have mainly been descriptive in nature, with smaller sample sizes. As such, identifying factors associated with PrEP acceptability among larger samples of YTW and data analysis specific to YTW are important next steps in this area of research.
The purpose of this study was to examine PrEP acceptability and related factors (e.g., socio-demographics, healthcare utilization, and PrEP interest and awareness), as well as reasons for reporting lack of interest, in a communityrecruited cohort of HIV-uninfected, sexually active YTW in two US cities.
Methods

Study Participants and Procedures
Our full study protocol is described elsewhere [25, 26] . Briefly, between May 2012 and September 2015, 300 sexually active YTW (ages 16-29 years) from Boston and Chicago were enrolled in Project LifeSkills, a randomized controlled efficacy trial of a culturally-tailored, empowerment-based, behavioral HIV-prevention intervention designed for and by YTW in the US [17] . Informed by principles of community-based participatory research, local YTW and research team members from both study sites (Boston and Chicago) identified multiple convenience sampling recruitment strategies including: (1) bars and nightclubs where YTW congregate, (2) community centers, (3) online social media platforms including Craigslist and Facebook, and (4) word-of-mouth via peer recruiters. Participants eligible for the study were between ages 16 and 29, assigned male sex at birth but currently identify along the transfeminine gender spectrum (e.g., transgender woman, male-to-female, female, transsexual woman), spoke English, and self-reported having condomless anal or vaginal sex in the prior four months. Participants completed a two-hour baseline quantitative assessment as well as HIV testing. Study assessments were implemented at sites in Boston and Chicago and conducted in a private counseling room; both sites are community-based organizations that provide HIVprevention services to sexual and gender minority groups. Written consent was obtained from all enrolled study participants. After the baseline assessment visit, all study participants received a $20 American Express gift card and travel reimbursement in the form of a round-trip public transportation card. All study procedures were approved by the institutional review boards at both participating organizations.
Measures
Data used for this study were from baseline measures. Using computer-assisted self-interviewing (CASI), participants completed a quantitative assessment on the constructs described below:
Socio-demographics
Participants were asked about their age, race/ethnicity (black, Latina, white, other race/ethnicity), current employment status (employed vs. not employed), sexual orientation identity (lesbian, gay, bisexual, heterosexual, other/ not listed), and highest education attained (high school or less vs. college or more). Additionally, YTW were asked about their history of recent (< four months) engagement in sex work (yes vs. no), recent incarceration (yes vs. no), and recent homelessness (yes vs. no).
Healthcare Utilization and Sexual Health History
To measure healthcare utilization, four items based on indicators from PrEP literature that facilitate access to PrEP were used [19, 20, 22-24, 27, 28] . These were: (1) insurance (government-issued, private, or no insurance), (2) having a primary care provider (yes/no), (3) types of healthcare accessed (clinics, private office, hospital, or no access), and (4) having a provider that meets YTW's health needs (always/sometimes vs. never/rare). For sexual health history, we asked participants about lifetime use of hormone replacement therapy (HRT; yes/no) and any prior STI diagnoses (yes/no).
PrEP Interest and Awareness
Participants were given a brief description of PrEP and were asked if they were aware of PrEP prior to the study: "Have you heard of HIV-negative people taking HIV medication before sex because they thought it would lower their chances of getting HIV (also known as PrEP)?", with possible responses of "yes" or "no". Participants were then asked if they were interested in taking/using PrEP, with possible responses of "not at all interested", "somewhat interested", and "very interested". Consistent with our previous operationalization of PrEP interest [27] , these responses were then dichotomized; PrEP interest was conservatively defined as being "somewhat/very interested" in taking PrEP.
Reasons for Being Uninterested in PrEP
Among participants who reported that they were not interested in PrEP, a follow-up question with a list of reasons was given. These reasons were generated from our formative work as well as the HIV-prevention and PrEP literature on this population [19, 20, 22-24, 27, 28] . Reasons included: (1) mistrust ('I don't trust researchers/providers'), (2) being worried ('I worry about side effects'), (3) low HIV-risk perception ('I'm not at risk of getting HIV'), (4) doubts about PrEP efficacy ('the HIV medication may not protect me from getting HIV), (5) PrEP-related stigma ('I'm afraid people will think I'm HIV-positive if they see me taking the medication'), (6) other, or (7) a combination of two or more of these reasons.
PrEP Acceptability (Outcome)
To assess PrEP acceptability, we adapted a 10-item measure that was modeled on a scale used in the Adolescent Trial Network (ATN) 082 PrEP Study [29] . Prior to administration of the survey to the target sample, we pilot-tested this measure with YTW who were members of the research teams in Boston and Chicago (N = 8). PrEP acceptability was assessed by asking participants how likely they are to take PrEP (1 = 'not at all likely,' 2 = 'somewhat likely,' 3 = 'very likely') in various situations, including different dosing frequencies ("How likely would you be to take a drug that protects you from getting HIV if you had to take it:" (a) every day, (b) 3 times per week, (c) prior to sex) and types of partnerships ("How likely would you be to take a drug that protects you from getting HIV if you: (a) were in a monogamous relationship with a partner you knew was HIV-infected, (b) only had casual sexual partners?). Classifying PrEP acceptability responses in this way is a technique previously applied by researchers examining characteristics associated with PrEP acceptability [29] [30] [31] [32] . For analysis, the PrEP acceptability items were summed to create a total scale score with scores ranging from 10 to 30; each participant's total scale score was grouped into one of three categories for ease of interpretation with 10-16 denoting lower acceptability, 17-23 denoting moderate acceptability, and 24-30 denoting higher acceptability.
Analysis Plan
We analyzed data for 230 HIV-uninfected YTW who enrolled in Project LifeSkills. An additional 65 YTW were determined to be living with HIV and were therefore excluded from the study. We performed descriptive analyses and calculated column percentages, mean scores, and standard deviation for PrEP acceptability by various characteristics, including study site, year, socio-demographics, healthcare indicators, and PrEP indicators. To examine characteristics associated with PrEP acceptability, we performed a bivariate and multivariate linear regression analysis. All variables that were statistically significant in the unadjusted linear models were included in the final adjusted multiple linear regression model. Prior to running our final adjusted model, we conducted multicollinearity tests to assess the predictor variables for multiple correlation and determined that this was not a concern. We performed sensitivity analysis with the PrEP acceptability scale score dichotomized at the median, which was consistent with the reported findings. Alpha was set to < 0.05 a priori, and all analyses were performed using SPSS version 23.0 [33] . Table 1 displays the study site, year of enrollment, sociodemographics, healthcare indicators, and PrEP-related characteristics.
Results
Descriptive Analyses
Study Characteristics
In this sample, 58% of the participants were recruited from the Boston study site. With the exception of 2015, a similar proportion (approximately 30%) of the total sample was enrolled during each study year.
Socio-demographics
The sample was 42% black/African American, 13% Latina or Hispanic, 33% white, and 12% other race/ethnicity. Participants' mean age was 23 years [standard deviation (SD) = 3.5 years; range [16] [17] [18] [19] ; almost half (47%) of the sample was between ages 21 and 25. The majority (72%) were unemployed; 39% identified as heterosexual, 24% as gay, 23% as bisexual, 7% as lesbian, and 8% as another sexual identity. More than half (59%) had no more than a high school education. In the past four months, 34% had engaged in sex work, 7% were incarcerated, and 22% were homeless.
Healthcare Indicators
Over half (57%) of YTW had government-issued healthcare insurance, 24% had no insurance, and 18% had private insurance. Seventy-eight percent of YTW accessed clinics as their healthcare facilities while 70% had primary care providers. However, 30% reported that their provider 'rarely' or 'never' meets their health needs. More than half (65%) of the sample had ever been on HRT. Almost one-fifth (18%) had prior STI diagnoses.
PrEP Indicators
PrEP acceptability mean scale score was 23.4 (SD = 5.8) indicating that, on average, YTW in this sample were somewhat likely to accept PrEP in various scenarios. Sixty-eight percent had no prior awareness of PrEP. However, after hearing about what PrEP is, 66% indicated that they were interested in taking PrEP. The most commonly reported reasons for being uninterested in PrEP (Table 2) included concerns for medication side effects (20.5%) and mistrust of providers and researchers (16.7%).
Regression Analyses
Bivariate unadjusted linear regression models examining factors associated with PrEP acceptability are presented in Table 1 . Factors associated with an increase in PrEP M mean, SD standard deviation, β beta coefficient, SE standard error, CI confidence interval *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed tests) a Equal to or less than 4 months In Table 1 , we present data on the final adjusted multiple linear regression model. PrEP interest (β = 3.7, 95% CI 2.2-5.2, p < 0.001) and having providers who meet YTW's health needs (β = 2.9, 95% CI 1.3-4.4, p < 0.0001) were associated with higher PrEP acceptability scores, whereas younger age (ages 21-25 vs 26-29 years) (β = − 2.0, 95% CI − 3.6 to − 0.4, p = 0.01) and reporting transactional sex within the last four months (β = − 1.5, 95% CI − 3.0 to − 0.1, p = 0.04) were associated with lower PrEP acceptability scores.
Discussion
Among this community-recruited sample of YTW, we found low PrEP awareness along with moderate PrEP acceptability and interest. PrEP interest was associated with PrEP acceptability. These findings are somewhat consistent with the scant, prior studies among transgender women that report low levels of PrEP acceptability and awareness but high level of interest [29] . Given that PrEP acceptability or uptake is a vital component in the PrEP care continuum [17, 18, 21] , the moderate level of PrEP acceptability found in this HIV-uninfected YTW sample is concerning and highlights the need for targeted and tailored PrEP education and delivery for YTW.
We identified several areas of concern. First, PrEP acceptability among this sample remained the same between years 2012 and 2015. Given that PrEP was approved and has been made widely available in the US since 2012 [34] , this suggests that PrEP promotion programs may not have been able to effectively reach and resonate with YTW communities over time. As such, it is vital for PrEP promotion programs to evaluate their approaches to PrEP messaging and education efforts towards YTW communities. Second, with the exception of providers meeting their health needs, there were no differences in PrEP acceptability for all healthcare indicators. The majority of the sample had insurance, had access to a primary care provider, and were accessing clinics, yet all had similarly moderate levels of PrEP acceptability. These factors have been identified to impact PrEP initiation and adherence [19] [20] [21] [22] [23] [24] . However, other healthcare indicators that may affect PrEP acceptability specifically for YTW in clinical settings remain unexplored.
Third, our findings suggest that while some structurallevel barriers for healthcare needs can be addressed (e.g., having insurance, having a primary care provider, access to clinics or other healthcare facilities), there are other factors at the interpersonal level (e.g., provider-patient interaction) that may affect YTW's acceptability of PrEP. In this study, about 1 in 5 YTW reported mistrust of providers and researchers as a reason for being uninterested in taking PrEP. Previous studies have suggested that experiences of discrimination and mistrust with providers are barriers to PrEP and other healthcare services in clinical settings [20, 21, 23, 24, 27] . We found that at the interpersonal level, having providers that meet YTW's health needs is a facilitator of higher PrEP acceptability. Further research that looks at ways for providers to improve the quality of their interaction with YTW patients, as well as their assessment of and delivery of care to meet YTW's health needs, is necessary for improving successful PrEP uptake. Combining PrEP programs with gender-affirmative care that is patient-centered [22, 35] among YTW could impact PrEP acceptability.
We also found that being worried about negative side effects from PrEP is a personal barrier that impacts YTW's acceptability of PrEP. This finding is corroborated by other studies that sampled transgender populations who are interested in or already taking HRT but are highly concerned about possible drug-drug interactions between PrEP and HRT [14, 19, 23, 24] . It is imperative for researchers and providers to examine ways to optimally deliver PrEP information and messaging components among YTW in a way that minimizes and targets concerns for negative side effects [22] .
Lastly, our findings also indicate the need to strengthen PrEP acceptability particularly among YTW of a younger age and those with recent experiences of sex work. The high rates of sexual risk behaviors (e.g., high number of sexual partners, inconsistent condom use, receptive role in anal sex) and numerous experiences of social barriers (e.g., discrimination due to sex work status, expulsion from school, exclusion from job opportunities, limited access to HIV prevention and transgender-related healthcare) place these groups of YTW at an elevated risk for HIV infection [7, 12] . Moreover, a growing body of PrEP literature has recognized key populations with these characteristics (i.e., young, sex workers) as groups that can highly benefit from PrEP [6, 12, 28, 36, 37] . However, many transgender women with these characteristics perceive HIV prevention as low priority [12, 23, 24] , which is a challenge for PrEP programs aimed at YTW. In this study, we found that taking PrEP was not highly acceptable among YTW of a younger age and those with recent history of sex work. Further research must investigate reasons for why YTW with these characteristics may not perceive taking PrEP as highly acceptable. As such, expanding PrEP to these groups of YTW will depend not only on fostering acceptability but also on their ability to access appropriate gender-affirmative and preventative health services in the face of multiple barriers.
Limitations
This study is not without limitations. First, these data are cross-sectional in nature and do not reflect changes over time nor suggest causality about PrEP acceptability and examined characteristics. Second, due to the eligibility requirements for the larger trial, the findings only reflect sexually at-risk YTW and are not generalizable to all YTW in the US. Third, as our dataset was primarily collected to answer our intervention trial aims, the lack of associations between some of our predictors and outcome in this study may be due to not having collected detailed measures with statistical power for our analyses. Fourth, while this study focuses on the reported perception of PrEP acceptability, it may not translate into actual behavior of PrEP uptake. Future studies that examine the prevalence of PrEP uptake are needed in tandem to PrEP acceptability. Lastly, social desirability bias may have resulted in an underestimation of PrEP acceptability, as PrEP use is stigmatized in some communities (i.e., reflecting perceived sexual promiscuity) [38, 39] .
Conclusion
Despite these limitations, we believe that this study contributes to the scant literature examining PrEP acceptability among YTW. Overall, we found that in addition to having the basic structural-level components of healthcare and PrEP, having positive interpersonal-level relationships between providers and YTWs and PrEP messaging concerning negative side effects are also essential to meet the healthcare needs of and increase PrEP acceptability among YTW communities. As there is a high risk for HIV infection among YTW [6, 12, 28, 36] and PrEP efficacy and effectiveness depend largely on at-risk groups' ability to access and utilize PrEP [12] , it is vital to engage at-risk YTW in a variety of HIV-prevention strategies.
To our knowledge, these findings represent the first account of PrEP acceptability in a community-recruited sample of YTW in the US. Further research on this topic is needed to understand effective ways to increase PrEP acceptability among YTW. This could include developing interventions that seek to build trust between providers and YTW, meet YTW's other health needs (e.g., hormone therapy), and provide culturally-responsive educational materials on PrEP side effects to bolster PrEP acceptability, particularly among YTW of a younger age or those with a recent history of sex work.
